, have also shown that miR200a regulate the IRS2 expression [3] . Taken together these results suggest that miR-200a may play an important role in energy metabolism by regulating leptin and insulin signalling.
Sangiao-Alvarellos et al., 2014, have also shown that miR200a regulate the IRS2 expression [3] . Taken together these results suggest that miR-200a may play an important role in energy metabolism by regulating leptin and insulin signalling.
The expression levels of IRS2 and ObRb are reduced in the Ob/Ob mice and blocking the miR-200a by intracerebro-ventricular (ICV) infusion of anti miR-200a restores the expression of both IRS2 and ObRb. Blocking of miR-200a in mice, results in increased insulin receptor expression and mRNA coding for POMC and Neuropeptide Y. The anti mir-200a also causes the reduction of the body weight gain in the Ob/Ob mice however the reduced body weight was not accompanied by reduced food intake suggesting that the restoration is not complete and may be the satiation signalling is probably not regulated by miR-200a. Similarly the insulin glucose tolerance test also indicates that the recovery is not complete in the Ob/Ob mice after blocking of miR-200a.
Over expression of miR-200a pre miRNA in the neuroblastoma cells SH-SY5Y causes the reduction of IRS2 and ObRb mRNA and protein expression. Further, they have also shown that over expression of pre-miR200a decreases the phosphorylation of Stat3, ERK1/2 and Akt which causes the impairment of leptin and insulin signalling pathway in human neuroblastoma cell line. Apart from hypothalamic effects of miR-200a Creptin et al also showed that blocking of miR-200a in hypothalamus results in the significant increase in the expression of IRS-2 and IR in the liver of ob/ob mice. Caravalheira et al proposed that there is cross-talk between the insulin and leptin signaling in Rat hypothalamus indicating that glucose homeostatsis or metabolism and food intake go hand in hand [4] . While the levels of miR-200b/c is increased in diabetic kidney disease [5] but that of miR200a is increased [6] , mice suggesting a more complex regulatory network regulating miR-200 gene family and its interaction with glucose metabolism and obesity [7] . Hence a detailed study to establish the relation between expression of miR-200a/b/c and their effect on the insulin and leptin signalling is required. Leptin and Insulin mediated signalling have been known to play a significant role in energy utilization and body weight. Obese mice with leptin mutations were known to have several impairments but the contribution of micro RNA to the manifestation of these impairments in the Ob/ Ob mice (lacking functional leptin) were not explored in detail. miRNA play an important role in regulating obesity was indicated by the obese phenotype of the mice lacking Dicer in the PMOC neuron [1] . Leptin is an essential neurotrophic factor in early development and also reduced Leptin during early development results in obesity, thus it can be hypothesized that some of the effects of the leptin deprivation could be mediated by miRNAs. Recently Crepin and co-workers have studied differential expression of micro RNAs in the hypothalamus of the Ob/Ob mice compared to control mice [2] . In the initial screen using Taqman Low Density assay (TLDA) array they identified eleven miRNA's that are differentially expressed and three of these miRNA (miR-200a, miR-200b and miR-429) were further analysed by quantitative PCR to confirm their over expression in Ob/Ob mice. Further, the authors have demonstrated that leptin treatment in ob/ob mice reduces the expression of miR-200a, miR-200b and miR-429 when compared to the vehicle control. miR200a was also shown to be upregulated in the db/db mice (lacking functional leptin receptors).
IRS2 and Leptin receptor (ObRb) mRNA were identified as functional target of miR-200a. Using luciferase reporter assay they, have demonstrated that miR-200a targets the 3'UTR region of insulin receptor substrate 2 (IRS2) and leptin receptor (ObRb) in CHO cells. Interestingly, Impaired leptin production causes reduction in HSP60 in obese and diabetic mice which was restored by leptin treatment [8] . Interestingly HSP60 is a leptin induced mitochondrial chaperone and is involved in protein folding and synthesis. It was further shown that reduced expression of HSP60 in animals resulted in increased ROS production, insulin resistance and mimicked the mitochondrial dysfunction observed in diabetic mice. It has also been reported that miR-200 RNA is regulated under oxidative stress [9] . Thus it is possible that HSP60 down regulation due to improper leptin signalling could result in reduced mir-200a. Thus leptin signalling could regulate energy homeostasis through miR-200 directly or indirectly through HSP60-mitochondrial dysfunction pathway, and these two could converge on the ROS mediated signalling.
Crepin et al showed how metabolic homeostasis can be achieved by miRNAs that can target multiple genes in the pathway to regulate energy homeostasis. Leptin and insulin signalling influences the consumption, uptake, oxidation and storage of nutrients and its impairment is directly linked to obesity and diabetes progression.
However these signalling pathways also affect miR-200a expression and in turn the leptin-insulin signalling cascade is regulated by miR-200a (Fig 1) . Thus targeting miR-200a could be a possible intervention to control obesity through transcriptional regulators like Zeb1. Zeb1 is predominantly known for its ability to modulate epithelial to mesenchymal transitions (EMT) in development and cancer [10] . It was also shown that expression of miR-200 family can be suppressed by Zeb1 transcription factor and vice versa validating the mentioned observation [10] . Also Zeb1 is implicated in regulating obesity and adiposity in female mice indicating that Zeb1 is sufficient to elicit significant fat accumulation, regardless of diet [11] . Thus the role of Zeb1 in leptin signalling or the effect of leptin on Zeb1 expression should give us leads of how obesity and cancer is linked via miR-200 expression. It has been suggested that deregulation of mirR-200 helps in cancer progression and metastasis [10, 12] . Several studies also suggest a link between obesity and cancer progression [13] . Thus we may speculate that the over expression of miRNAs (miR-200a) results in decrease in serum leptin levels which is responsible for hampering insulin 
